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(54) Methods of and apparatus for con- 
veying diphasic fluids through pipes 

(57) To convey a diphasic fluid of high 
gas/liquid volumetric ratio, free gas 
content is separated by means 2 from 
the initial diphasic fluid, and pressure of 
the separated fluid and that of the re- 
sidual gas are separately increased by 
pressure means 9 and 1 1 respectively to 
the same value and at least a fraction of 
the residual gas is subsequently mixed 
in mixing means 6 to this fluid to obtain 
a new fluid of reduced free gas content. 
These steps may be repeated by way of 
means 9a, 1 1 a, 6a until the whole of the 
gaseous phase is dissolved in the liquid 
which can then be conveyed through a 
pipe. 
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SPECIFICATION 

Methods of and apparatus for conveying diphasic 
fluids through pipes 

5 

This invention relates to methods of and apparatus 
for conveying diphasic fluids through pipes. 

In the following, reference is made, by way of 
non-limitative example, to the application of the in- 

10 vention to the complete recovery of petroleum 
effluents from oil producing fields. 

Petroleum effluents from oil producing fields 
often comprise a liquid and a gas phase. When the 
gas content reaches 10 to 20% of the liquid content, 

15 which corresponds to a high volumetric gas/oil 
ratio, It is not possible to increase the pressure of 
the gas-liquid mixture with presently available 
pumping equipment and it becomes necessary to 
separate the liquid phase from the gas phase and 

20 to process them separately. 

Such separation is achieved in one or more cham- 
bers by progressively reducing the pressure of the 
gas-liquid mixture to atmospheric pressure. Pumps 
are used to separately increase the liquid pressure 

25 to force it into a pipe or pipes provided therefor. 
The gas phase, which is separately processed, is 
either burnt in flares, i.e. without energy recovery, 
or sometimes used to produce a part of the power 
required for actuating the oil field equipment or 

30 reinjected into the oil-containing geological forma- 
tions so as to increase the efficiency of oil recovery 
from these formations. 

The gas phase is rarely liquified or conveyed 
through a separate line, since this would require a 

35 very high capital investment which, up to now, 
appear to provide little or no likelihood of profit 
Not only is the gas which is simultaneously pro- 
duced with the liquid phase practically never reco- 
vered, but separation of the gas and liquid phases 

40 requires bulky equipment, which is a serious draw- 
back in the case of offshore oil producing fields and 
requires a non-negligible power consumption for 
increasing again and the gas pressure which has 
been reduced during the gas-liquid separation. 

45 An embodiment of the present invention de- 
scribed hereinbelow obviates or at least reduces 
these drawbacks by providing a method permitting 
the recovery of the greatest part of the petroleum 
effluents from an oil field, and the conveyance of 

50 both gas and liquid phases through one and the 
same pipe. 

According to a first aspect of the invention there 
is provided a method of simultaneously conveying 
in the same pipe the liquid and gas components of 

55 a diphasic flow of high gas/ liquid volumetric ratio, 
comprising separating the diphasic flow to form a 
fluid of reduced free gas content and a residual gas, 
said fluid comprising at least the liquid contained in 
the diphasic flow, and carrying out at least once the 

60 following series of steps, to obtain a fluid of limited 
free gas content, lower than a preselected value, 
such fluid being introduced into said conveying 
pipe, said series of steps comprising: 



b) simultaneously increasing to the same value . 
the pressure of the residual gas, and 

c) producing a new fluid of reduced free gas 
content by admixing said fluid of reduced free gas 

70 content with said residual gas. 

According to a second aspect of the invention 
there is provided apparatus for simultaneously 
conveying in the same pipe the components of a 
diphasic flow, the apparatus comprising a separ- 

75 ator operative to deliver through a first orifice at 
least the whole amount of the liquid contained in 
said diphasic flow, and through a second orifice at 
least a fraction of the gas contained in said flow, and 
at least one fluid processing unit comprising first 

80 pumping means for increasing the pressure of fluid 
flowing therethrough, said first pumping means 
having an inlet orifice communicating with said first 
orifice of the separator, second pumping means for 
increasing gas pressure, said second pumping 

85 means having an inlet orifice communicating with 
said second orifice of the separator, and mixing 
means having inlet orifices connected to receive the 
fluid and gas delivered by said first and second 
pumping means respectively, the mixing means 

90 being operative to mix under substantially constant 
pressure at least a fraction of the gas with the fluid 
delivered by said first pumping means. 

Apparatus embodying the invention described 
hereinbelow has the advantage of being compact, 

95 which facilitates its application to offshore oil pro- 
duction equipment. - 

The invention will now be further described, by 
way of example, with reference to the accompanying 
drawings, wherein: 
100 Figure 1 diagrammatically illustrates apparatus 
for carrying out a method embodying the inven- 
tion; 

Figure 2 shows an embodiment of a device used 
in the apparatus of Figure 1 for increasing gas 

105 pressure; 

Figure 3 illustrate a possible embodiment of a 
mixing element of the apparatus of Figure 1; and 

Figures 4 to 8 illustrate embodiments of a gas- 
liquid separator of the apparatus of Figure 1. 

110 In Figure 1, reference numeral 1 designates a 
pipe fed with a fraction of or with the whole of the 
oil effluent, under pressure, from an oil producing 
field, the effluent comprising a liquid and a gas . 
phase having a volumetric gas/liquid ratio such 

115 that its pressure cannot be increased by using pre- 
sently available pumping means. 

The effluent is introduced into a gas-liquid separ- 
ating element or separator 2 which is operative to 
separate the gas and liquid components of the 

120 effluent, preferably without any substantial press- 
ure decrease. The separating element 2 delivers 
into a pipe 8 at least the liquid fraction of the pet- 
roleum effluent. More specifically, the separating 
element 2 is operative to deliver to the pipe 8 a 

125 diphasic fluid whose gas/liquid volumetric ratio is 
at most equal to the maximum value of the 
volumetric ratio of the diphasic fluid mixture which 
can be processed by a pumping element 9 having 
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to increase the pressure of the diphasic fluid and to 
reduce the value of the volumetric ratio of the 
diphasic fluid, preferably to zero, i.e. to a value at 
which the whole amount of the gas fed to the 
5 pumping element 9 is dissolved in the liquid phase. 
The remaining fraction of the gas delivered by 
the separating element 2 is simultaneously trans- 
mitted through a pipe 10 to an element 1 1 capable 
of increasing the pressure of the gas to a value sub- 

10 stantially equal to the pressure of the liquid deli- 
vered by the pumping element 9. 

A fraction of the gas leaving the element 1 1 is 
supplied through a pipe 7 to a mixing element 6 
which also receives from the pipe 12 the pressu- 

15 rised fluid delivered by the pumping element 9. 
The mixing element 6 produces a diphasic fluid 
of a predetermined volumetric ratio, this fluid 
being transmitted to a pumping element 9a which 
is smaller to the pumping element 9 in that it in- 

20 creases the pressure of the diphasic fluid and re- 
duces its gas/liquid volumetric ratio, preferably to 
zero. 

If the whole amount of the gas delivered by the 
separation element 2 is not dissolved in the liquid, 

25 the residual gas amount is supplied through a pipe 
10a to a pressure increasing element 11 a and is 
thereafter admixed with the liquid delivered by the 
pumping element 9a in a mixing element 6a whose 
outlet orifice is connected to another pumping ele- 

30 ment 9b, etc. 

When substantially all the gas is dissolved in the 
liquid the resulting mixture is introduced into a 
conveying pipe (not shown) to be delivered to a util- 
isation site, where vapourisation of the dissolved 

35 gas can be obtained by decompression followed by 
separation of the gas from the liquid. 

It is thus apparent that, in the case of petroleum 
effluents, the above method permits recovery of 
the gaseous fraction of the effluents withouh re- 

40 quiring any additional conduit for conveying the 
gaseous fraction. 

The pumping elements, such as those desig- 
nated by reference 9, 9a, Bb, .. , may be of any 
known type. However, for building a compact 

45 apparatus which requires a minimum number of 
pumping elements it is preferable to use helico- 
axial pumps of the type described in French Patent 
Specification No. 2 333 139, capable of increasing 
the pressure of diphasic fluids having a higher 

50 volumetric gas/liquid ratio than the diphasic fluids 
processed by conventional pumping means. 

The elements such as 1 1 , 1 1 a .., for increasing 
the gas pressure may of the known type, for exam- 
ple, compressors, or alternatively of the type de- 

55 scribed in our copending UK Patent Application No. 
7904995 (Publication No. ). 

Briefly, as shown in Figure 2, the element 1 1 (for 
example) comprises a mixer 13 which receives the 
gas from the pipe 10 and a sufficient amount of an 

60 auxiliary liquid which may be, for example, a frac- 
tion of the liquid delivered by the separating ele- 
ment 2 or which results from a chemical modifica- 
tion of the gas produced by the separating element 
2, this auxiliary liquid being introduced at 14. The 



illustrated in Figure 4 of our above-mentioned 
copending UK Patent Application No. 7904995 
(Publication No. ), delivers a diphasic fluid feeding 
a suitable pumping element 1 5, which may, for ex- 
70 ample, be a helico-axial pump, as indicated above. 
Optionally, a separator 39, similar to the separator 
2, will permit recovery of the auxiliary liquid which 
may be recycled into the mixer 13 through pipe 
39a. 

75 The mixing elements 6, 6a, . . . may be of any 
known suitable type. A non-limitative embodiment 
of the mixing element 6 (for example) is illustrated 
in Figure 3. This mixing element comprises pipes 
16 and 17 which respectively connect the pipes 7 

80 and 12 to the pipe 8. 

In series with the pipe 16 are connected an ele- 
ment 18 for measuring the volume (or flow rate) of 
liquid flowing through the pipe 16, an element 19 
creating an adjustable pressure drop, and (option- 

85 ally) a pump 20 ensuring liquid circulation in the 
pipe 16 and a liquid buffer tank 4. 

in series with the pipe 17 are connected an ele- 
ment 21 for measuring the volume (or flow rate) of 
gas flowing the the pipe 1 7, an element 22 creating 

90 an adjustable pressure drop, and (optionally) a 
drain tank 23 wherein the liquid fraction which 
might be contained in the gas flow can be reco- 
vered by gravity, the bottom of the tank 23 being 
connected to a drain pipe 24 provided with valve 

95 means 25 for partial or full closure of the pipe 24, and 
(optionally) with a pump 26. Adjustment of the 
degree of opening of the valve means 25 and control 
of operation of the pump 26 may be achieved 
automatically and sequentially, for example by a 

100 device (not shown) for sensing the liquid level in the 
tank 25. In the embodiment illustrated in Figure 3, 
the pipe 24 connects the drain tank 23 to the liquid 
buffer tank 4. 
The mixing element 6 is also provided with 

105 means diagrammatically indicated at 28, compris- 
ing, for example, two pressure sensors 29 and 30 
which measure the pressure in the pipes 16 and 17, 
respectively, immediately before their points of 
connection to the pipe 8a, the means 28 being 

110 operative to deliver a signal representing the differ- 
ence of the respective pressures measured by the 
sensors 29 and 30. 

The elements 19 and 22 for creating pressure 
drops in the fluid are automatically set to the de- 

115 sired position by motor means diagrammatically 
shown at 19m and 22m. The motor means 19m and 
22m are energised by a control circuit or element 
31 to which they are connected by transmission 
lines 32 and 33 respectively, the control circuit 

120 being responsive to the signal delivered by the 
means 28 and transmitted thereto by a line 34. 

The mixing element 6 also comprises an element 
27 creating an adjustable pressure drop in the gas 
flowing through the pipe 10a and the element 11a 

125 operative to increase the gas pressure. 

The element 27 creating a pressure drop is auto- 
matically set to the desired position by motor 
means 27m actuated by a control element 35 which 
transmits a control signal via a line 36 in relation to 
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and 21 and transmitted to the control element 35 
via lines 37 and 38. 

During operation, the liquid and gas are supplied 
to the mixing element 6 at substantially the same 

5 pressure Pe and the diphasic fluid is delivered to the 
pipe 8a at a pressure Ps which is generally slightly 
lower than Pe. 

The means 28 delivers a signal representative of 
the difference between the respective pressures in 

10 the pipes 1 6 and 17, immediately before their 
points of connection to the pipe 8a. In dependence 
on this signal, the control element 31 actuates the 
motor means 19m and 22m which adjust the ele- 
ments 19 and 22 creating pressure drops, so that 

15 the pressure difference measured by the means 28 
is reduced and can be nullified. 

Simultaneously, the flow rates (or volumes) of 
gas and liquid flowing through the pipes 1 6 and 17 
are measured by the elements 18 and 21 respec- 

20 tively, which deliver signals representative of these 
flow rates which are transmitted to the control ele- 
ment 35. 

The control element 35 generates a signal con- 
trolling the motor means 27m which adjusts the 

25 element 27 creating a pressure drop, so that the 
ratio of the gas flow rate to the liquid flow rate re- 
mains substantially constant at a preselected value 
substantially equal to the ratio of the gas to liquid 
volume which should be obtained for conveying 

30 the diphasic fluid through the pipe. 

Thus, when the ratio of the signals produced by 
the elements 21 and 18 is greater than a predeter- 
mined value corresponding to the value of the gas 
to liquid volumetric ratio which should be obtained 

35 for conveying the diphasic fluid through the pipe 
8a, the control element 35 reduces the value of the 
pressure drop at 27, thereby increasing the gas 
flow rate through the pipe 10a and consequently 
reducing the gas flow rate through the pipe 17. 

40 On the other hand, when the ratio of the signals 
delivered by the elements 21 and 18 is lower than 
the preselected value, the control element 35 in- 
creases the pressure drop at 27, thus reducing the 
gas flow rate through the pipe 10a, and conse- 

45 quently increasing the gas flow rate in the pipe 17. 
In other words, the mixing element 6 equalises 
the gas and liquid pressures before mixing by 
monitoring the values of the dynamic pressure 
drops in the gas and liquid flows in relation to the 

50 pressure difference between these respective 
flows, and also controls the gas flow rate in de- 
pendence on the gas to liquid volumetric ratio. 

The measuring elements 18 and 21, which are for 
example flow-meters, the elements 19, 22 and 27 

55 for creating pressure drops, which are for example 
adjustable diaphragms, and the pressure sensors 
29 and 30 are well known to those of ordinary skill 
in the art and will therefore not be described here in 
detail; nor will the control elements 31 and 35. 

60 The drain tank 23, in series with the pipe 17, 
makes it possible to recover by gravity the liquid 
fraction which may be contained in the gas flow. 

The gas-liquid separator 2 shown in Figure 1 may 
wo onw UnoxA/n tvnfi. Fiaure 4 shows, bv wav of 



2, which essentially comprises an active element 40 
capable of imparting a rotary movement to the 
fluid in a plane perpendicular to the direction of 
flow, and a distributing element 41 which separately 

70 delivers the gas and the liquid. 

The active element 40 comprises a tubular body 
42 housing a rotor 43 rotatable with the shaft 44 of 
a motor (not shown). The rotor 43 carries blades 45 
which, as illustrated in Figures 5, 6 and 7 which rep- 

75 resent developed views of the alternative forms of 
the rotor, maybe of plane configuration and extend 
radially (Figure 5), or inclined to the axis of rotation 
(Figure 6) or curved (Figure 7). 
In the embodiments of Figures 6 and 7 the angle 

80 of inclination of the blades 45 to the axis of rotation 
of the rotor 43 is determined in relation to the axial 
rate of the flow and the running speed of the rotor 
45. 

Under the action of the centrifugal force de- 
SB veloped by the rotation, the liquid and gas phase 
are separated, the gas phase being maintained 
near the flow axis, while the liquid phase, of higher 
density, is at a distance from the rotor axis. 
The ends of the rotor 43 may optionally be 
90 streamlined to substantially avoid any disturbance 
in the flow. 

Under these conditions, as shown in Figure 4, the 
distributing element 41 is formed from two tubes 
46 and 47, the smaller (47) of these tubes collecting 
95 substantially only gas. The two tubes 46 and 47 are 
coaxial over a portion of their length and are re- 
spectively connected to the pipes 8 and 10 (Figure 
1 ). The whole liquid phase is then collected at the 
outlet of tube 46, to which phase is optionally ad- 
100 ded the portion of gas phase which has not been 
collected by the tube 47. 

The diphasic fluid is introduced into the assem- 
bly 40-41 by a connecting pipe 48 connected to the 
pipe 1. 

105 Figure 8 diagrammatically illustrates another 
embodiment of the separating element 2 of Figure 
1. This embodiment comprises a separator 2' deliv- 
ering the whole gas phase of the diphasic flow in 
the pipe 1 to the pipe 10, and the whole liquid 

1 10 phase to a pipe 8'. The pipe 8' is connected to the 
pipe 8 through a mixer 3 which simultaneously re- 
ceives the gas delivered by the separator 2' and de- 
livers a diphasic fluid of predetermined gas/liquid 
volumetric ratio. 

115 Changes may be made to the above exemplary 
disclosure without departing from the scope of the 
present invention. For example, whereas the 
embodiment of the element 40 illustrated in Figure 
4 comprises only one rotor, it is possible to use two 

120 distinct rotors rotated by two separate motors 
whose rotational speeds can be continuously 
varied. 

Moreover, it is possible to use a separator 2 of 
any known type which delivers to the pipe 8 only 
125 the liquid phase of the flow from the pipe 1. The 
pumping element 9, which may then be of any 
known type, increases the pressure of the liquid 
which then becomes undersatu rated with gas. A 
sufficient amount of aas is fed from the mixer 6 into 
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quid in the pipe 8a. A further pressure increase per- * 
formed by the pump 9a causes under-satu ration of 
the liquid wherein a further amount of gas can thus 
be dissolved. This fluid processing may be con- 
5 tinued until complete dissolution of the gas in the 
liquid phase takes place. 

CLAIMS 

10 1. A method of simultaneously conveying in 
the same pipe the liquid and gas components of a 
diphasic flow of high gas/liquid volumetric ratio, 
comprising separating the diphasic flow to form a 
fluid of reduced free gas content and a residual gas, 

15 said fluid comprising at least the liquid contained in 
the diphasic flow, carrying out at least once the fol- 
lowing series of steps, to obtain a fluid of limited 
free gas content, lower than a preselected value, 
such fluid being introduced into said conveying 

20 pipe, said series of steps comprising: 

a) increasing the pressure of said fluid of re- 
duced free gas content, 

b) simultaneously increasing to the same value 
the pressure of the residual gas, and 

25 c) producing a new fluid of reduced free gas 
content by admixing said fluid of reduced free gas 
content with said residual gas. 

2. A method according to claim 1 , wherein said 
fluid of reduced free gas content and said residual 

30 gas are produced without any substantial pressure 
reduction. 

3. A method according to claim 1 or claim 2, 
employing pumping means capable of processing 
diphasic fluids whose gas/liquid volumetric ratio is 

35 at most equal to a limit value, wherein said fluid of 
limited free gas content has a gas/liquid volumetric 
ratio at most equal to said limit value. 

4. A method according to claim 3, wherein said 
new fluid of reduced free gas content has a gas/ 

40 liquid volumetric ratio at most equal to said limit 
value and wherein the pressure of said new fluid is 
increased before its introduction into said pipe. 

5. Apparatus for simultaneously conveying in 
the same pipe the components of a diphasic flow, 

45 the apparatus comprising a separator operative to 
deliver through a first orifice at least the whole 
amount of the liquid contained in said diphasic 
flow, and through a second orifice at least a frac- 
tion of the gas contained in the said flow, and at 

50 least one fluid processing unit comprising first 
pumping means for increasing the pressure of fluid 
flowing therethrough, said first pumping means 
having an inlet orifice communicating with said 
first orifice of the separator, second pumping 

55 means for increasing gas pressure, said second 
pumping means having an inlet orifice communi- 
cating with said second orifice of the separator, and 
mixing means having inlet orifices connected to re- 
ceive the fluid and gas delivered by said first and 

60 second pumping means respectively, the mixing 
means being operative to mix under substantially 
constant pressure at least a fraction of the gas with 
the fluid delivered by said first pumping means. 

6. Apparatus according to claim 5, comprising a 

.. i .!•».. fl..!.t • . . .. . • • 



series. 

7. Apparatus according to claim 5 or claim 6, 
wherein said first pumping means is capable of in- 
creasing the pressure of diphasic fluids whose gas/ 

70 liquid volumetric ratio is at most equal to a limit 
value, and wherein said separator is operative to 
deliver through its first orifice a diphasic fluid 
whose gas/liquid volumetric ratio is at most equal 
to said limit value. 

75 8. Apparatus according to claim 6, claim 6 or 
claim 7, wherein said mixing means comprise 
means to substantially equalise the pressures of 
the residual gas and of the fluid delivered by said 
first pumping means before mixing, and means for 

30 controlling the amount of mixed gas as a function 
of the amount of fluid, in dependence on the value 
of a gas/liquid volumetric ratio which must be 
obtained. 

9. Apparatus according to any one of claims 5 
35 to 8, wherein said second pumping means com- 
prises means for producing a diphasic fluid by mix- 
ing the gas with an auxiliary liquid, means for 
pumping the resulting diphasic fluid, and a gas/li- 
quid separator connected to receive the diphasic 

90 fluid after its pressure has been increased. 

10. Apparatus according to claim 7, wherein the 
separator is operative to simultaneously deliver all 
the liquid through its first orifice and substantially 
all the gas of the processed diphasic fluid through 

35 its second orifice, and wherein mixing means are 
connected between said first orifice and the inlet 
orifice of said first pumping means to receive 
simultaneously gas from the second orifice of said 
separator, said mixing means being operative to 
100 produce a diphasic fluid whose gas/liquid volumet- 
ric ratio has a value at most equal to said limit 
value. 

11. A method of simultaneously conveying in 
the same pipe the liquid and gas components of a 

105 diphasic flow of high gas/liquid volumetric ratio, 
the method being substantially as herein described 
with reference to Figures 1 to 4 and any one of 
Figures 5 to 7, or Figure 8, of the accompanying 
drawings. 

^10 12. Apparatus for simultaneously conveying in 
the same pipe the components of a diphasic flow, 
the apparatus being substantially as herein de- 
scribed with reference to Figures 1 to 4 and any one 
of Figures 5 to 7, or Figure 8, of the accompanying 

115 drawings. 
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